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Editorial Comment 
Mental Stress, Pain Perception 
and Risk of Silent Ischemia* 
PRAKASH C. DEEDWANIA ,  MD, FACC 
Fresno and San Francisco, California 
Myocardial ischemic episodes encountered during daily life are 
often silent and usually occur with minimal or no strenuous 
physical activity. It has been suggested that mental stress 
produced uring routine daily life annoyances might be asso- 
ciated with episodes of silent myocardial ischemia. Because of 
the possibility of such an association, psychophysiologic stress 
testing has been frequently utilized to evaluate the effects of 
mental stress induced in the laboratory on hemodynamic 
variables and the risk of developing myocardial ischemia. The 
results of these studies had revealed that commonly used 
psychologic stressors, uch as mental arithmetic, color stroop 
test and the task of public speaking (about unpleasant life 
experiences), frequently result in development ofregional wall 
motion abnormalities, which are thought to occur secondary to 
myocardial ischemia in patients with coronary artery disease. It
is of interest to note that most patients do not experience chest 
pain in association with the wall motion abnormalities induced 
during periods of mental stress. The precise mechanism re- 
sponsible for lack of symptoms in association with ischemic 
episodes induced by mental stress in the laboratory, or silent 
ischemia encountered uring daily life, has not been fully 
elucidated. It has been postulated that alteration in pain 
threshold might account for the silent nature of ischemic 
episodes during daily life and during periods of mental stress. 
However, there has been little evidence to support his hypoth- 
esis. The report by Sheps et al. (1) in this issue of the Journal 
provides valuable information in this area by demonstrating 
the significance of alterations in pain threshold as well as 
exploring the role of the opioid system in pain perception in 
patients with coronary artery disease. 
The present study. In their study, Sheps et al. (1) have 
evaluated the effects of psychological stress produced by public 
speaking on pain threshold and plasma beta-endorphin levels 
in patients with established iagnosis of coronary artery dis- 
ease. Pain threshold was measured using a thermal probe 
technique previously validated by the investigators. Most pa- 
tients (80%) had a history of stable angina pectoris; 60% had 
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history of hypertension; and a majority of those evaluated by 
angiography had single-vessel coronary artery disease. Under 
continuous electrocardiographic (ECG) monitoring, and in 
front of an audience of laboratory personnel, the patients were 
asked to give three brief (3 rain each) tape-recorded speeches 
in succession about common real-life hassle situations. The 
evaluation of hemodynamic changes revealed a significant 
increase in systolic blood pressure and a modest increase in 
heart rate during the psychologic stress. Although 50% of 
patients developed evidence of mental stress-induced ischemia 
on the basis of ECG or radionuclide criteria, none had 
experienced chest pain during psychologic stress. The evalua- 
tion of plasma beta-endorphins revealed a significant increase 
in beta-endorphin levels obtained immediately after psycho- 
logical stress. Although the overall comparison of changes in 
thermal pain threshold revealed only a nonsignificant increase 
after the psychologic stress, there was a significant positive 
correlation between postpsychological stress, pain threshold 
and plasma beta-endorphin levels obtained after the period of 
psychologic stress. Because none of the patients with evidence 
of myocardial ischemia developed chest pain, these data do 
provide evidence, albeit indirect, in support of the role of 
changes in pain threshold in patients with silent myocardial 
ischemia. The strong correlation demonstrated between the 
increase in plasma beta-endorphin levels and the poststress 
pain threshold indicate that high levels of beta-endorphins 
released uring periods of mental stress might indeed result in 
analgesic effects, accounting for lack of symptoms in associa- 
tion with ischemia induced by mental stress. 
Limitations of the present study. Although the results of 
the study by Sheps et al. provide considerable new insight 
regarding the possible mechanisms that play a role in patients 
with silent myocardial ischemia, there are some important 
questions that still remain unanswered. In the present study 
the investigators evaluated only the role of changes in pain 
threshold and plasma beta-endorphin levels during the isch- 
emia induced by mental stress in the laboratory. However, 
these findings might not necessarily reflect what happens in the 
ambient environment and during routine daily life situations in 
a given patient. It would have been useful if the investigators 
had performed ambulatory ECG monitoring for 24 to 48 h 
during routine daily activities in their patients and correlated 
the frequency of silent ischemic episodes on ambulatory ECG 
monitoring with changes in the pain threshold and beta- 
endorphin levels during psychological stress. Without such 
correlation, it is difficult to directly apply the findings described 
to explain the mechanism of silent ischemia during daily life. 
Furthermore, because most patients enrolled in the present 
study had single-vessel coronary artery disease, and many 
(60%) had hypertension, the findings described might only be 
applicable to patients with similar characteristics, thus limiting 
the application of these results for most patients at risk for 
silent ischemia during daily life. This is particularly relevant 
because anumber of recent studies (2) have indicated that the 
vast majority of patients who develop silent ischemia during 
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daily life have evidence of multivessel coronary artery disease. 
Whether these patients would develop changes in pain thresh- 
old and beta-endorphins levels similar to those described inthe 
present study remains speculative for now. Finally, although 
Sheps et al. considered the effects of change in blood pressure 
on pain thresholds and beta-endorphin levels in evaluating 
their results, it is virtually impossible to be certain that 
nonhypertensive patients would have responded in a similar 
manner. Because stimulation of baroreceptors may exert a 
significant influence on pain perception and nociceptive re- 
flexes, it would be essential to document whether the changes 
observed in the present study would be reproducible if patients 
without history of hypertension were evaluated in a similar 
manner. 
Previous work in the field. Several previous tudies (3-6) 
have evaluated the relation between mental stress and myo- 
cardial ischemia. Although, initially, most of the studies had 
only utilized ECG monitoring, the more recent studies have 
used a variety of techniques, including position emission 
tomography, radionuclide ventriculography and two- 
dimensional echocardiography. Overall, the aggregate results 
of these studies have demonstrated that psychological stress 
induced in the laboratory results in wall motion abnormalities 
or a decrease in ejection fraction in a majority (60% to 70%) 
of patients with coronary artery disease. However, most of 
these episodes are not associated with chest pain, and, fre- 
quently, there is also no ECG evidence of ischemia. In general, 
the changes observed uring mental stress are of brief dura- 
tion. These findings have raised concerns about he validity and 
significance of wall motion abnormalities induced by mental 
stress. It has been suggested (7) that ischemia induced during 
mental stress is of lesser magnitude and involves a distinct 
pathophysiologic process that might account for the lack of 
ECG findings and rapid resolution of the observed wall motion 
abnormalities. An important point in support of the ischemic 
nature of these changes observed uring psychological stress 
testing is that some previous studies (3-6) have correlated 
these findings with evidence of myocardial hypoperfusion and 
regional wall motion abnormalities in the same areas during 
regular exercise testing. 
One of the major drawbacks of most previous tudies has 
been lack of correlation between ischemia induced during 
mental stress in the laboratory and evaluations made by 24 to 
48 h ambulatory ECG monitoring performed in the patient's 
ambient environment. Lack of such information has precluded 
evaluation of the clinical significance of ischemia induced 
during psychological stress testing. However, arecent study (7) 
has provided clinically meaningful information in this area. In 
this report, published earlier in the Journal, Gottdiener et al. 
(7) evaluated the relation between mental stress-induced 
ischemia, functional severity of ischemia during exercise test- 
ing and triggers of ischemia during daily life. They were able to 
demonstrate that in patients with proved coronary artery 
disease, ischemia induced during mental stress is predictive of 
increased risk of ischemia during sedentary daily life (7). 
However, evaluation of the level of mental stress encountered 
during daily life by detailed structured iaries revealed that 
most ischemic episodes during daily life occurred at times of 
apparently low mental stress. These results suggest that find- 
ings observed uring psychological stress testing in the labora- 
tory might not correlate well with the magnitude of perceived 
stress by patients during routine daily life. Furthermore, the 
results of this study also indicated that patients with greater 
functional severity of ischemia during exercise testing were at 
higher risk of developing ischemia during mental stress in the 
laboratory as well as during routine daily life. This finding is in 
agreement with previous reports (8) showing that a greater 
magnitude of ST segment depression and early onset of 
ischemia during exercise testing are the most powerful predic- 
tors of risk of ischemia during daily life. 
Clinical significance of isehemia induced during mental 
stress. Although a large number of studies (3-7) have dem- 
onstrated that mental stress induced by psychologic stressors in 
the laboratory can induce silent myocardial ischemia, most 
have failed to document the clinical significance and prognostic 
importance of these findings. Information about the clinical 
impact of ischemia induced during mental stress in the labo- 
ratory has been lacking, largely because most previous tudies 
have neither corroborated their findings with the risk of 
ischemia encountered during routine daily life nor provided 
longitudinal follow-up data for the patients evaluated. To my 
knowledge, the recent study by Gottdiener et al. (7) is the first 
to provide important data in this area. However, the results of 
the study by Gottdiener et al. do not provide answers regarding 
the clinical significance of ischemia induced during mental 
stress induced in the laboratory. The finding described in the 
study by Gottdiener et al. (7) revealed that although patients 
with ischemia induced by mental stress had a greater isk of 
silent ischemia during sedentary daily life, they also had 
evidence of more severe ischemia during exercise testing. This 
finding obviously raises the question about the independent 
predictive value of mental stress-induced ischemia in forecast- 
ing the risk of ischemia during daily life. It is conceivable that 
ischemia induced during mental stress simply identifies pa- 
tients with more advanced coronary artery disease who are 
generally considered to be at high risk of developing ischemia 
during daily life. 
Evaluation of changes in hemodynamic variables during 
mental stress induced in the laboratory does indeed provide 
clinically meaningful information about the pathophysiologic 
processes involved in the genesis of ischemic episodes. Most 
previous studies (3,4,6) demonstrated that the observed in- 
crease in heart rate and systolic blood pressure during mental 
stress is of significantly lesser magnitude than that observed 
during exercise testing in the same group of patients. These 
findings raise the possibility that decreased coronary blood 
flow plays a role in concert with increased myocardial oxygen 
demand. Although definitive vidence to support this postulate 
is lacking, there is indirect evidence to suggest that coronary 
vasoconstriction secondary to heightened alpha-adrenergic a - 
tivity produced uring mental stress might indeed play a role in 
the pathogenesis of ischemia induced during periods of daily 
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life hassles and psychological stressors. It has been also sug- 
gested (9) that day-to-day variations in the level of mental 
stress encountered during daily life might indeed account for 
the variability of silent ischemic episodes reported in the 
published reports. The suggested difference in the pathophys- 
iologic process involved in the genesis of silent ischemia during 
periods of mental stress might also be important o consider 
when prescribing anti-ischemic therapy. It is conceivable that 
for the patients who are at risk of developing ischemia during 
mental stress, treatment with an alpha-adrenergic blocking 
agent alone or in combination with a beta-adrenergic blocking 
agent might be the most effective regimen. By contrast, if 
coronary vasoconstriction seems to be playing a dominant role, 
it is possible that treatment with a calcium channel blocking 
agent would be an appropriate choice. However, little if any 
information is currently available to document the superiority 
of one anti-ischemic regimen over another in suppressing the 
ischemia induced during mental stress. Future trials in this 
area should evaluate the efficacy of various anti-ischemic drugs 
in suppressing the ischemia during mental stress. 
Future directions. It is evident from the available data that 
psychological stress testing in patients with coronary artery 
disease provides meaningful information regarding the suscep- 
tibility of these patients to myocardial ischemia during mental 
stress. The findings reported by Sheps et al. (1) in this issue of 
the Journal also suggest hat evaluation of changes in pain 
thresholds and beta-endorphin levels might indeed provide 
further insight into the mechanism responsible for lack of 
symptoms in patients with silent ischemia. Clearly, more work 
is needed in this area, especially to document the significance 
of findings observed in the laboratory by correlation with 
evaluations made in the patient's ambient environment. Addi- 
tionally, it would also be crucial for future studies to evaluate 
the clinical significance of findings observed in the laboratory. 
This could be accomplished by prospectively examining the 
independent predictive value of ischemia induced uring men- 
tal stress for identifying patients with coronary artery disease 
who are at risk of ischemia during daily life and who may also 
be at increased risk of developing an acute coronary event. 
References 
1. Sheps DS, Ballenger MN, De Gent GE, et al. Psychophysical responses toa 
speech stressor: correlation of plasma beta-endorphin levels at rest and after 
psychological stress with thermally measured pain threshold in patients with 
coronary artery disease. J Am Coil Cardiol 1995;25:1499-503. 
2. Deedwania P. Is there evidence in support of the ischemia suppression 
hypothesis? J Am Coll Cardiol 1994;24:21-4. 
3. Deanfield J, Shea M, Kensett M. Silent ischemia due to mental stress. Lancet 
1984;2:1001-5. 
4. Rozanski A, Balrey C, Krantz D, et al. Mental stress and the induction of 
silent myocardial ischemia in patients with coronary artery disease. N Engl J 
Med 1988;318:1005-12. 
5. Burg M, Jain D, Sourer R, Kerns R, Zaret B. Role of behavioral and 
psychological factors in mental stress-induced silent left ventricular dysfunc- 
tion in coronary artery disease. J Am Coil Cardiot 1993;22:440-8. 
6. Specchia G, Falcone C, Traversi E, et al. Mental stress as a provocative test 
in patients with various clinical syndromes of coronary heart disease. Circu- 
lation 1991;83 Suppl II:II-108-14. 
7. Gottdiener J, Krantz D, Howell R, et al. Induction of silent myocardial 
ischemia with mental stress testing: relation to the triggers of ischemia during 
daily life activities and the ischemic functional severity. J Am Coll Cardiol 
1994;24:1645-51. 
8. Deedwania P. The need for a cost-effective strategy to detect ambulatory 
silent ischemia [editorial]. Am J Cardiol 1994;74:1061-2. 
9. Nabel EG, Barry J, Rocco MB, et al. Variability of transient myocardial 
ischemia in ambulatory patients with coronary artery disease. Circulation 
1988;78:60-7. 
